al. 2013b) and that some of them will probably go extinct before we have a chance to describe 40 them (Barnosky et al., 2011; Leakey and Lewin, 1995; Pimm et al., 2006) . The use of 41 molecular data, and in particular molecular barcoding (Hebert et al., 2003) , was presented as 42 one answer to this "taxonomic impediment" (as defined in Rodman and Cody, 2003) , and 43 welcomed as such by taxonomists. It thus adds to the toolkit of taxonomy, which continues its 44 development as a synergic discipline involving morphological taxonomists, field ecologists, 45 naturalists, and statisticians (Knapp 2008) . Integrative taxonomy, used for many decades by 46 taxonomists but only recently formalized concomitantly with the molecular revolution, is 47 organised following a three-step workflow (see also Evenhuis 2007) : first, we need to 48 accumulate data on numerous specimens (from various types of data: DNA, morphology, 49 ecology…); second, we need to circumscribe groups of organisms using concepts that ensure 50 that these groups correspond to species (this second step may be coupled with the first, as 51 biological data are continuously accumulated and species hypotheses re-discussed); and third, 52
we need to provide a species description, i.e. a diagnosis and a name for the species 53 recognized as new. 54
Naming new species is a fundamental step when describing biodiversity and is the 55 only way to ensure that scientists are talking about the same entity, and that all the data linked 56 to conspecific specimens but produced by different researchers (or amateurs) can be 57 associated in a comparative analysis (Patterson et al., 2010; Satler et al., 2013; Schlick-Steiner 58 et al., 2007) . Not linking biological data (should they be molecular, morphological, or 59 ecological) to a formal species name will result in these data losing tremendous value 60 (Goldstein and DeSalle 2011). Indeed, when authors publish data on entities that are not 61 defined within the framework of a referencing system (e.g. solely identified by an 62 alphanumeric label), they make it very difficult for other authors to build on these data. The 63 best example is the need for taxa to be named to have a chance to be listed in an endangered 64 species list and to benefit from a conservation program: no name, no surviving (Mace 2004 We performed a literature survey using the Web of Science research tool, limited to 82 the scientific articles published between 2006 and 2013, and using the following keywords: 83 "Integrative Taxonom*" in TITLE OR TOPIC OR "Species boundar*" in TITLE OR 84 "Integrative delineation" in TITLE OR "Integrative delimitation" in TITLE OR "Species 85 delineation" in TITLE OR "Species delimitation" in TITLE. This timespan (2006-2013) was 86 chosen because it follows the formal introduction of modern integrative taxonomy. We 87 acknowledge that older articles also include integrative taxonomic approaches (e.g. Hogan et 88 al., 1993, and see Turrill, 1938) , but the lower limit for the literature survey would have been 89 chosen arbitrarily. The keywords helped limit the size of our survey while focusing on 90 integrative taxonomy papers, as other keywords (e.g. "new species") or options (e.g." species 91 delineation" in TOPIC and not only in TITLE) led to a much higher number of articles 92 (several thousands). 93
From the resulting list of 666 articles, we removed 172 articles that did not fit the 94 context of this review (i.e. methodological and theoretical articles, review studies that did not 95 perform any species delimitation, studies that re-analyzed published data, and studies that 96 focused on supra-or infra-species levels only). For the 494 remaining articles, we extracted 97 data on the number of delimited species, the number of new species delimited, the number of 98 new species described (and, when given, the reason(s) why new species were not described), and the studied taxon. We did not attempt to interpret published results ourselves, but 100 recorded the number of species (delimited, new and described) as reported by the authors of 101 each paper. We also recorded the type of data and methods used to delimit species: molecular 102 data, morphology (including anatomy, cytology…), ecology (including phenology, niche 103 modelling…), cross tests, behavior (e.g. call songs) and other miscellaneous methods (e.g. 104 caryology, chemical data, presence of endosymbionts, etc…). We considered the geographical 105 distribution to be implicitly used in all articles. The resulting table is presented in Online 106 Appendix 1. Contingency tables were analysed using Fisher's Exact Test, given the relatively 107 small number of observations. 108
We investigated journal editorial policies on including formal taxonomic descriptions 109 into articles. As a proxy for editorial policies, we recorded whether journals that published 110 articles in which new animals species were delimited also published formal descriptions, 111 within three time periods (1864-2004, 2005-2010, 2011-2013) , using the "Systematics 112
Controlled Terms" feature in the Zoological Records database (Online Appendix 2). We 113 recorded the impact factor of these journals between 2005 and 2010 to investigate whether 114 there is a link between the inclusion of formal descriptions in papers and impact factor 115 (Online Appendix 2). Indeed, there is a strong incentive for researchers to publish in high-116 impact journals (e.g. Casadevall and Fang, 2014, and see Werner, 2006) ; if these journals do 117 not welcome descriptions, authors may be tempted to submit their contributions without 118 descriptions to high-impact journals rather than submitting their integrative work, including 119 descriptions, to lower-impact journals. We chose these time periods as a trade-off between the 120 number of articles published within time groups for each journal and the variance of the 121 impact factor (the longer the time period, the larger the variance in impact factor). Also, we 122 noted from personal experience that narrow time periods would be preferred as editorial 123 policies may change relatively rapidly. We used a one-tail Wilcoxon test to evaluate the null 124 hypothesis that journals including formal species descriptions do not have lower impact 125 factors than journals that do not. All statistical tests were performed in R (R Core Team 126 2014 are the most studied taxa, followed by actinopterygians (22), mammals (19), birds (10), 139 chondrichtyans (4), and crocodilians and turtles (1 each) ( Fig. 2c ). In all taxonomic groups 140 represented by more than five articles, molecular data were analyzed in 100% of the articles, 141 except for embryophytes (71.6%), vertebrates (88.8%), chelicerates (94.7%), hexapods 142 (92.6%) and annelids (90%). One possible explanation for the lower prevalence of molecular 143 data in these taxonomic groups is that morphological characters may generally be more easily 144 formalized, and congruent with molecular data (compared to other groups in which there 145 might be fewer -or more plastic-types of characters available to taxonomists, such as some 146 cnidarians, e.g. McFadden et al., 2010) . 147
Almost half (47.2%) of the studies based their species delimitation on two types of 148 characters (DNA and morphology in 89.7% of them), 15.2% three types of characters and only 2.2% four types of characters. More surprisingly, 35.4% of the studies used only one 150 type of character (molecular data for 74.9% of them). This reflects a bias in our survey (the 151 keywords we choose also targeted non-integrative taxonomy), but also an inappropriate use of 152 the "integrative taxonomy" terminology by some authors. Indeed, the "integrative" aspect of 153 the approach is restricted in these articles to the use of different methods and/or criteria of 154 species delimitation, and not to the use of different types of characters. We then focused on comparing studies that did not delimit any new species, studies 166 that delimited new species without describing all of them, and studies that delimited new 167 species and described at least one of them. We decided to compare the number of studies in 168 these categories, rather than the number of delimited and described species, because the 169 number of species delimitation and description per study was highly variable. Indeed, among 170 the 139 studies that described at least one species, 135 described fewer than ten species, 3 171 described between 10 and 16 species, and one described 101 species (Riedel et al., 2013) . 172
A total of 240 studies did not delimit any new species, but confirmed the current alpha 173 taxonomy or extracted previously described species from synonymy (on the contrary, new species for which names were available in the literature but never considered as a valid, such 175 as forms, varieties or subspecies, were counted as new). In the remaining studies, 1346 new 176 species were delimited (for studies providing a range of putatively new species, we used the 177 lower number reported by the authors), representing 18.7% of the total number of delimited 178 species in the 494 studies (7205). Among the studies that delimited new species, 125 179 delimited but did not describe at least one new species and 139 described at least one new 180 species (in 10 studies some new species were described and others not). The ratio of 181
Described over Undescribed Species (hereon called the "DUS" ratio, more specifically 182 calculated as the number of studies that delimited new species and described at least one new 183 species divided by the number of studies that delimited new species and did not describe at 184 least one new species) was approximately of 1.11 for the whole dataset and did not change 185 significantly from 2006 to 2013 (Fisher's Exact Test: p=0.91). The DUS ratio varies non 186 significantly among taxa: when considering only the taxa represented by more than five 187 studies, the ratio varied from 0.44 for molluscs to 4 for platyhelminthes (these differences are 188 largely driven by small sample sizes; Fisher's Exact Test: p=0.67 Table 3) When new species are discovered, however, they are not systematically described (in 224 46.1% of the articles), thus leaving the new species unnamed. In these cases, several 225 justifications for not describing have been put forth by the authors, and we propose a few 226 more. The first reason is the lack of support for the species hypotheses (given in 72.2% of the 227 articles that do provide a justification). In taxa for which the proportion of unknown species is 228 greater than the number of described species, difficulties are linked to the fact that nobody has 229 ever proposed species hypotheses. Exploratory methods are therefore needed, either based on However, none of these alternate referencing systems have been as widely accepted and 294 applied as the Linnean system. 295
Finally, publishing species descriptions in high impact factor journals is in general 296 more difficult, because editors may be reluctant to publish species descriptions, especially 297 when they are numerous and long (the number of pages is generally very limited in these 298 journals). In this study, we showed that among the 23 journals that included at least one study 299 in which new species were delimited but not described, 6 of them have never published 300 species descriptions, based on Zoological Records, and 6 did not publish species descriptions 301 after 2004; on average, journals including descriptions had a lower impact factor than the 302 journals that do not. Because of the publication pressure, authors will almost automatically 303 prefer to publish in high impact factor journals, even at the price of removing the species 304 descriptions (Agnarsson and Kuntner, 2007; Costello 2009 ). Scientists all know the 305 importance in the current system to have articles in journals with high-impact factors, and 306 thus most of them do not spend their time in writing articles that will not be rewarded (Minelli 307 2003) . delimitation, which can be seen as a proxy of the degree of integration, and the DUS ratio also 317 supports the idea that integrative taxonomy contributes to a better understanding of 318 biodiversity. However, the 446 species described in the reviewed articles are only a drop in 319 the ocean of new species described in the same period (85,000, if considering a mean of 320 17,000 new species described each yearhttp://www.esf.edu/species/SOS.htm). 321
Nevertheless, this sample reflects the fact that modern integrative taxonomy as formalized in 322 2005 (thus not considering the pre-2005 articles that delimited and described species using an 323 integrative taxonomy-like approach), is, at least for the moment, not a very efficient solution 324 to the taxonomic impediment. Most new species seem to be described without applying an 325 integrative taxonomy approach, and most new species are still described without the help of 326 molecular data: a screening of 200 articles published in 2013, obtained with the keywords 327 "Taxonomy" in TOPIC AND "sp nov" in SYSTEMATICS in Zoological Records revealed 328 that only 18 of them mentioned the use of molecular data in the abstract. This would suggest 329 that most species are thus still described using morphological characters only. The "molecular 330 revolution" that was announced after the renewal of the taxonomy in the early 2000s, largely 331 associated with the emergence of the integrative taxonomy approach, has apparently not 332 happened yet. We are convinced that integrative taxonomy, when associated with formal 333 species description, is a good way to improve the quality of species hypotheses and associated 334 descriptions, and should therefore be encouraged. However, and contrary to a barcoding 335 approach that can perhaps accelerate the rate of species discovery (but not improve the quality 336 of the species hypotheses nor the rate of species description; e.g. Will 
